Abstract. The aim of the present study was to characterize the roles of two microRNAs (miRNAs), miR-122 and miR-199, in oral lichen planus (OLP). miRNA microarray analysis was performed to detect potential miRNAs involved in OLP, while in-silicon analysis, reverse transcription-quantitative polymerase chain reaction (RT-qPcR), western blot and immunohistochemistry (IHc) analyses were utilized to explore the molecular mechanisms underlying the roles of miR-199 and miR-122 in OLP. The results from the microarray and RT-qPcR analyses demonstrated that the expression levels of miR-122 and miR-199 were significantly decreased in the peripheral blood mononuclear cells (PBMcs) collected from the OLP group compared with the control group. In addition, miR-122 and miR-199 directly targeted AKT serine/threonine kinase 1 (AKT1) and mammalian target of rapamycin (mTOR), respectively, by binding to their 3' UTRs. AKT1 and mTOR were highly expressed in PBMcs derived from OLP patients. In fact, a negative regulatory relationship was observed between miR-122 and AKT1, and between miR-199 and mTOR, with negative correlation coefficients of -0.41 and -0.51, respectively. Furthermore, the protein levels of AKT1, mTOR and microtubule associated protein 1 light chain 3β (Lc3B) were upregulated in the OLP group compared with the control group. Finally, overexpression of miR-122 inhibited the expression of AKT1 and Lc3B, while overexpression of miR-199 reduced the levels of mTOR and Lc3B. In conclusion, the present study demonstrated that miR-199 and miR-122 are implicated in the pathogenesis of OLP by regulating the expression of mTOR and AKT1.
Introduction
As one of most common immune-mediated mucocutaneous diseases, oral lichen planus (OLP) is characterized by chronic inflammation (1) . The prevalence of OLP in the general population is ~1-2%, but its incidence among 30-60-year-old females is the highest (2) . It has been demonstrated in previous investigations that, in activated T cells, autophagy is associated with the pathogenesis of some autoimmune diseases, via mediating cell survival, apoptosis, differentiation and proliferation (3) . In fact, five differentially expressed autophagy-associated genes, autophagy-related 9B (ATG9B), estrogen receptor 1 (ESR1), synuclein α (SNcA), hepatocyte growth factor-regulated tyrosine kinase substrate (HGS), and insulin-like growth factor 1 (IGF1), have been identified from the peripheral blood T cells of OLP patients using autophagy arrays (4) .
As a threonine/serine kinase, mammalian target of rapamycin (mTOR) acts as a central regulator of autophagy, cell survival, proliferation, growth and protein synthesis (5) . In addition, mTOR complex 1 (mTORc1) acts as an inhibitor of autophagy, a process of cell survival and programmed catabolic activity that is initialized under nutrient-rich conditions and enhanced under cellular stress (6) . Numerous cellular processes, such as cell cycle, glucose transport, proliferation, vesicle trafficking, cytoskeletal organization, and apoptosis, are regulated by AKT serine/threonine kinase (Akt; also known as protein kinase B) (7) . It has been suggested that the phosphoinositide 3-kinase (PI3K)/Akt/mTOR pathway significantly affects the process of autophagy in mammalian cells by mediating anti-apoptotic signaling (8) .
A previous study has demonstrated that the activation of the Akt/mTOR/pS6 signaling is frequently observed in malignant and premalignant oral lesions, but is only occasionally found in a subset of OLP cases (9) . The correlation between the frequency of mTOR/pS6/Akt dysregulation and the clinical manifestation of OLP has drawn great interest, while the specific subtypes of OLP, such as atrophic, plaque-like, and/or erosive OLP, have been attributed to a higher rate of malignant transformation (10) . Additionally, the expression of Akt and PI3K enzymes can trigger a cascade of pro-survival and pro-proliferative signals, whose transduction may affect the basal cells in OLP patients and promote their proliferation. In fact, it has been suggested that the above process can be induced by the secretion of RANTES, a chemokine expressed by T-cells during OLP, and the activation of normal T-cells. As a result, the extended life of these cells may cause dysplastic variations and may increase the risk of malignant transformation during OLP (11 As single-strand noncoding RNAs with 19-22 nucleotides in length, microRNAs (miRNAs) can bind with partial complementarity to the 3' untranslated region (UTR) of their target mRNAs and induce post-transcriptional silencing (12) . The expression of multiple proteins can be regulated by a single miRNA, while several miRNAs can also regulate the expression of a specific protein. It has been demonstrated that miRNAs are highly conserved in the genome and are involved in many fundamental biological processes, including growth control, differentiation, development, apoptosis, autophagy, and tumorigenesis (13) .
In the present study, samples from both OLP patients and normal controls were collected. Using miRNA microarrays, the miRNA expression profiles of the case and control groups were compared, and miR-122 and miR-199 were demonstrated to be significantly downregulated in the OLP group. By searching an online miRNA database, mTOR was predicted as a target of miR-199, and AKT1 was predicted as a target of miR-122. Both mTOR and AKT have been implicated in the control of autophagy, a major process underlying the pathogenesis of OLP (4, 14, 15) . The present findings confirmed the regulatory relationship between miR-199 and mTOR, and between miR-122 and AKT1, in OLP.
Materials and methods
Samples. The present study was conducted according to the declaration of Helsinki and approval was obtained from the Ethics and Research committee of Ningbo No. 2 Hospital (Nigbo, china). All patients signed an informed consent form for study participation, after the details of the study were carefully explained to them. A total of 22 patients clinically diagnosed with OLP and 19 control subjects (normal tissue adjacent to cancer tissue) were recruited for the study at the Ningbo No. 2 Hospital from May 2017 to September 2017. The clinicopathological characteristics of the patients, including age, sex, clinical classification (atrophic, erosive, reticular and/or plaque-like OLP), and lesion site (buccal mucosa, buccal mucosa and gingiva), are listed in Table I . Patients with any systemic disease or receiving any systemic or topical medications during the three months prior to the start of the present study were excluded. In addition, patients with gingival inflammations or suspected restoration-related reactions were also excluded. miRNA microarray analysis. Microarray expression profiling was performed using 5 µg total RNA extracted from peripheral blood mononuclear cells (PBMcs) collected from 22 cases and 19 controls. MiRcURYTM Array Labeling kit (Exiqon, Vedbaek, denmark) was utilized to label miRNAs fluorescently, and then miRNA microarray chips (Exiqon) were utilized to hybridize miRNAs. Hybridization data were collected using GenePix 4000B laser scanner (Axon Instruments, Foster city, cA, USA), and GenePix 4.0 software (Axon Instruments) was utilized to digitize and analyze the images.
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
TRIzol reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was utilized to isolate total RNA from THP-1 cells and U937 cells and tissue samples, following a standard protocol. chloroform was then added into lysates and centrifuged at 4˚C and 13,000 x g for 15 min. Subsequently, isopropanol was used to treat the lysate and the pellet was washed with ethanol. Finally, the pellets were resuspended in RNase-free water, and UV spectrophotometry was used to measure RNA concentration. A reverse transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used to synthesize cDNA from 2 µg of total RNA. A house-keeping gene, 18S RNA, was used as an internal control for normalizing the expression of miR-199 and miR-122, while GAPdH was used as an internal control for normalizing the expression of mTOR and AKT1. The sequences were as follows: 18S RNA forward, 5'-CAG CCA CCC GAG ATT GAG CA-3' and reverse, 5'-TAG TAG CGA CGG GCG GTG TG-3'; miR-199 forward, 5'-ACA GTA GTC TGC ACA TTG GTTA-3' and reverse, 5'-GCG AGC ACA GAA TTA ATA CGA C-3'; miR-122 forward, 5'-TGG AGT GTG ACA ATG GTG TTT G-3' and reverse, 5'-GCG AGC ACA GAA TTA ATA CGA C-3'; mTOR forward, 5'-ACG CCT GCC ATA CTT GAG TC-3' and reverse, 5'-TTG TGT CCA TCT TCT TG T CG-3'; AKT1 forward, 5'-CCT CCA CGA CAT CGC ACT G-3' and reverse, 5'-TCA CAA AGA GCC CTC CAT TAT CA-3; and GAPDH forward, 5'-TGC ACC ACC AAC TGC TTA-3' and reverse, 5'-GGA TGC AGG GAT GAT GTT-3' .
The thermocycling conditions were set as follows: 15 min at 95˚C for initial activation, followed by 60 sec at 94˚C for denaturation, 60 sec at 53˚C for annealing, and 120 sec at 72˚C for extension. A SYBR-Green PCR Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used to measure the expression levels of miR-199, miR-122, mTOR and AKT1. The relative expression levels of miR-199, miR-122, mTOR and AKT1 were determined by calculating the cycle threshold (cq) values (16) . Three independent reactions were performed. Statistical analysis. All data were presented as mean ± standard deviation. SAS software version 6.1 (SAS institute, Inc., cary, Nc, USA) was used to perform all statistical analyses. Wilcoxon rank test or χ 2 test were used to analyze the differences between treated and untreated groups. continuous dependent variables between two groups were compared using an independent t-test. correlation between groups was analyzed using Spearman correlation analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Characteristics of the participants.
A total of 41 subjects, 22 OLP patients and 19 controls, were recruited for the present study. The demographic and clinicopathological characteristics of the participants, including age, sex, clinical classification (erosive, atrophic), and lesion location (cheek, tongue and gingiva), are summarized in Table I . A χ 2 test was used to perform the statistical analysis between the two groups, and no difference was observed with respect to age and sex.
Identification of differentially expressed miRNAs. PBMc samples were collected from 22 OLP patients and 19 controls, and total RNA was extracted. To identify miRNAs that are potentially involved in the development of OLP, a microarray study was performed to compare the expression of different miRNAs between the two groups. The results identified 16 miRNAs (miR-223-3p, miR-186, miR-423, miR-181a, miR-155, miR-375, miR-133b, miR-497, miR-92, miR-199, miR-564, miR-1304, miR-296, miR-346, miR-19a and miR-122) as differentially expressed, and therefore these were selected for subsequent analyses. RT-qPcR was performed to confirm the microarray results. As presented in Fig. 1 , the expression levels of miR-122 and miR-199 were decreased the most in the OLP group compared with the control group.
miR-122 and miR-199 respectively target AKT1 and mTOR.
The levels of miR-199 and miR-122 were compared between the PBMc samples from the OLP and the control groups, using RT-qPcR. As illustrated in Fig. 2A and B, the levels of miR-199 ( Fig. 2A) and miR-122 (Fig. 2B ) in the OLP group were significantly lower compared with the control group. In addition, in silicon analyses and luciferase assays were performed to explore the molecular mechanisms underlying the roles of miR-199 or miR-122 in the development of OLP. As illustrated in Fig. 2C , AKT1 was identified as a candidate target gene of miR-122, with a miR-122 binding site located in the AKT1 3'UTR. Results from the luciferase activity assay in cells co-transfected with miR-122 mimics and wild-type AKT1 3'UTR demonstrated that luciferase activity was significantly decreased (Fig. 2d) , while the luciferase activity of cells co-transfected with miR-122 mimics and mutant AKT1 3'UTR had no obvious difference (Fig. 2d) . Furthermore, the results of bioinformatics analyses predicted that miR-199 may directly bind to the mTOR 3'UTR (Fig. 2E) . Results from the luciferase activity assay in cells co-transfected with miR-199 mimics and wild-type mTOR 3'UTR demonstrated that the luciferase activity was significantly decreased (Fig. 2D) , while the luciferase activity of cells co-transfected with miR-199 mimics and mutant mTOR 3'UTR had no obvious difference. These results collectively suggested that miR-122 and miR-199 directly and negatively regulated the expression of AKT1 and mTOR, respectively.
Negative relationships of miR-122/AKT1 and miR-199/mTOR.
RT-qPcR was performed to compare the mRNA levels of AKT1 and mTOR between OLP and control groups. As presented in Figs. 3A and B, the mRNA expression levels of AKT1 (Fig. 3A) and mTOR (Fig. 3B) were significantly increased in PBMCs derived from OLP patients compared with the control group. Subsequently, the miRNA/mRNA regulatory relationship between miR-122 and AKT1, as well as between miR-199 and mTOR, was evaluated by correlation analysis. According to the results, miR-122 and AKT1 (Fig. 3c) were negatively correlated. Similarly, miR-199 and mTOR (Fig. 3d) were also negatively correlated. Their negative correlation coefficients were -0.41 and -0.51, respectively.
Differential protein expression of AKT1, mTOR and LC3B
between OLP and control groups. Tongue tissue samples were collected from 22 OLP patients and 19 controls and analyzed by immunohistochemistry to compare their protein levels of AKT1, mTOR and Lc3B. As illustrated in Fig. 4 , the protein levels of AKT1 in the OLP group were markedly increased compared with the control group. Similarly, the protein levels of mTOR (Fig. 5 ) and of LC3B (Fig. 6) were significantly increased in the OLP group compared with the control group. (Fig. 7 ) and U937 cells (Fig. 8) were transfected with m iR-122 m im ics, m iR-199 mimics, miR-122 mimics + miR-199 mimics, or miR-122 mimics + miR-199 mimics, respectively, and the levels of AKT1, mTOR and Lc3B were detected using RT-qPcR and western blot analysis. As illustrated in Fig. 7 (THP-1 cells) and 8 (U937 cells), miR-122 mimics and miR-122 mimics + miR-199 mimics both significantly inhibited the mRNA and protein expression of AKT1. By contrast, miR-199 mimics alone had no effect on AKT1 expression. Additionally, miR-199 mimics and miR-122 mimics + miR-199 mimics both significantly decreased the mRNA and protein expression of mTOR (Figs. 7 and 8) . By contrast, miR-122 mimics alone had no effect on mTOR expression. As illustrated in Fig. 7c (THP-1 cells) and 8c (U937 cells), Lc3B expression was lower in the groups of miR-122 mimics and miR-199 mimics compared with the scramble control group. Of note, the Lc3B levels in the group of miR-122 mimics + miR-199 mimics was the lowest compared with the other transfection groups. apoptosis, differentiation or proliferation (18) . Therefore, autophagy has become a fundamental event in regulating T cell-mediated immunity (18) . In the present study, it was hypothesized that the autophagy of T cells is implicated in the immunopathogenesis of OLP.
Confirmation of miR-122/AKT1 and miR-199/mTOR regulation. THP-1 cells
The current study enrolled 41 subjects, consisting of 22 OLP patients and 19 controls, and performed miRNA microarrays and RT-qPcR to identify candidate miRNAs involved in OLP. The results demonstrated that miR-122 and miR-199 were significantly inhibited in the OLP group compared with the control group. Using a miRBase database, thirteen nucleotides were found to have a certain degree of complementarity to the sequences of mTOR and miR-199a-3p. In addition, it has been reported previously via luciferase reporter gene assays that miR-199a-3p can modulate cell proliferation by inhibiting mTOR expression (19) . miR-122 also serves as a tumor suppressor and has a critical role in inhibiting the tumorigenesis of breast cancer by regulating the mTOR/p70S6K/PI3K/AKT pathway and by targeting IGF1 receptor (20) . It has been demonstrated from in vivo studies that the angiogenesis and growth of xenograft tumors are suppressed by miR-122 (21) . In addition, miR-122 suppresses angiogenesis by reducing the levels of AKT, mTOR and vascular endothelial growth factor c in tumor tissues (21) . In the present study, using luciferase assays, it was confirmed that miR-122 and miR-199 directly targeted the expression of AKT1 and mTOR, respectively.
As a 289-kd threonine/serine multi-domain protein, containing a FKBP12 binding domain and a kinase domain, mTOR can regulate various physiological processes. For example, mTOR interacts with multiple upstream signal components, including PI3K/Akt, growth factors, insulin, glycogen synthase kinase 3 (GSK-3), and AMP-activated protein kinase (22) . It has also been demonstrated in recent investigations that the dysregulation of mTOR is involved in many diseases, including cardiovascular disease, diabetes, cancer, obesity, aging and neurodegenerative diseases (23) (24) (25) (26) (27) (28) ). In addition, the level of autophagy can be significantly enhanced by suppressing mTORc1, while the nutrient-insensitive mTOR can render cells unresponsive to starvation-induced autophagy (29) . Furthermore, active mTOR can suppress autophagy by inhibiting the formation of ULK1/ATG13/FIP200 complexes, especially via the inhibitory phosphorylation of ULK1 (30) . In the present study, we compared the protein levels of AKT1, mTOR and Lc3B between OLP and control groups, and found that the protein levels of AKT1, mTOR and Lc3B in the OLP group were significantly higher. Furthermore, RT-qPCR and western blot analyses were used to measure the expression of AKT1, mTOR and Lc3B in cells transfected with miR-122 mimics, miR-199 mimics, and miR-122 mimics + miR-199 mimics. The results demonstrated that miR-122 negatively regulated the expression of AKT1 and Lc3B, while miR-199 negatively regulated the expression of mTOR and Lc3B.
Akt is a threonine/serine kinase member of the AGc family, that has important roles in cell survival, proliferation, growth and protein translation (31) . Akt is recruited to the plasma membrane by phosphatidylinositol (3,4,5)-triphosphate (PIP3) upon the activation of PI3K. On the cell membrane, Akt is phosphorylated at sites Ser473 and Thr308 by mTORc2 and 3-phosphoinositide-dependent protein kinase-1 (PdK1), respectively (32) . Once activated, Akt phosphorylates multiple targets located on the surface of the endoplasmic reticulum (ER) and in the nucleus, mitochondria and cytoplasm (33) . The deregulation of the Akt pathway has been implicated in both human cancers and the development of cancer in mouse models (34) . It has also been demonstrated that AKT activation reduces the excessive level of autophagy in cells by inducing autosis, the autophagy-dependent cell death (35) . The present results confirmed previous findings, where it was demonstrated the basal autophagy in prostate cancer and glioma cells is suppressed by AKT (36) . As a threonine/serine protein kinase, AKT acts as a critical mTOR regulator and is activated by growth factors and nutrients in a PI3K-dependent manner (5) . Aberrations in the Akt/mTOR signaling pathway have been considered as one of the most important reasons leading to the pathogenesis of various types of human cancer, such as ovine squamous cell carcinoma (37) . Therefore, it is reasonable to hypothesize that the activation of Akt/mTOR signaling in OLP patients may increase the premalignant potential of individuals (9) . Previous studies have reported that the expression of matrix metallopeptidase (MMP)-2 is directly targeted by miR-125b in HaCaT cells. In addition, in an LPS-induced OLP model, the proliferation of keratinocytes is suppressed, while the apoptosis of keratinocytes is promoted by the mTOR/PI3K/Akt signaling pathway (38) . Furthermore, Akt/mTOR signaling is a nutrient-sensitive pathway that can partially suppress autophagy by phosphorylating Unc-51 Like Autophagy Activating Kinase 1 (ULK1), a kinase involved in the initiation of autophagy, upon the activation by growth factors or under conditions with excessive nutrients (39) . The expression of ULK1, Lc3B, phosphorylated (p-) mTOR, and p-Akt is increased in lesion sites of OLP, indicating that the level of Akt/mTOR-induced autophagy is increased in OLP patients (15) .
In conclusion, the present results demonstrated that mTOR and AKT were targets of miR-199 and miR-122, respectively. In addition, the AKT/mTOR signaling pathway was implicated in the regulation of autophagy, a major process underlying the pathogenesis of OLP. The present findings suggest that miR-122 and miR-199 may serve as potential therapeutic targets for OLP treatment.
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